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(57) Abstract: The invention relates to a device (5) for measuring capacity, said device comprising an electrode arrangement con- 
sisting of a plurality of electrodes (EI, E2, .... En) which are adjacently and/or successively arranged on a carrier (6), an intrinsic 
measuring device (8) for measuring the capacitance between a first electrode (E2), in the form of a measuring electrode, and a second 
electrode (El), in the form of a counter-electrode, and a controllable switching device (7) for connecting the electrodes (El, E2, .... 
En), in the form of first and second electrodes (E2, EH, to the measuring device (8) in such a way that they can be switched in a 
pre-determinable manner. The inventive device is characterised in that each electrode (El, E2, ...» En) of the electrode arrangement 
can be switched in a controlled, alternate manner by the switching device (7), in the form of a measuring electrode, and respectively 
at least one of the other electrodes (El, E2, .... En), in the form of a counter-electrode, can be switched to a pre-determinable refer- 
ence potential. The invention also relates to an associated method, and a device (I) for determining the level (2) of a liquid (3) using 
one such device (5). 
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Device and method for measuring capacitance and device for 
det e rmining the l e vel of a liquid using one such device 



Field of the Invention 

The present invention relates to device for measuring capacitance as claimed in the 
preamble o f claim 1 with a plurality of electrodes mounted on a support located next to one another 
or in succession, and a corresponding method and a device for determining the level of a liquid 
using ene-such-a device. 

Background of the Invention 

The prior art, for example, the publication of TOTH, F.N. et al.: A new capacitive precision 
liquid-level sensor, Digest 1996 Conference on Precision Electromagnetic Measurements, 
Braunschweig, discloses generic devices. Here el on gated Elon gated "guard" and reference potential 
("Eo") electrodes are located parallel to a series of successive measurement electrodes adjacently on 
one side or both sides. The capacitance, and thus, ultimately the level are measured by measuring 
the capacitance between the individual measurement electrodes and the opposing elongated 
reference potential electrode. 
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These devices necessitate high complexity of interconnection, and thus, high production and 
installation costs. In addition, special precautions must be taken to achieve high resolution with low 
sensitivity to noise signals. 

TheSummarv of the Invention 

An object of the present invention is to provide aan improved device which overcomes the 

disadvantages of the prior art. Moreover, the pertinent , process and a-corresponding means for 
determining the level of a liquid in a container . Other objects of the device of the present invention 
are to be mad e available. Th e device as claimed in the invention is to be especially economical to 
produce and install and is-to be continuously reliable in operation.^ Resolution and (in)sensitivity to 
noise signals are to be further optimized. 

This object i s achieved by the device as specified in claim 1 and by the process defined in 

the subordinate claim and the means defined in a likewise subordinate claim for determination of 
the level. Special versions of the invention are defined in the dependent c lai ms. 

Th e object is These objects are basically achieved in a device for capacitance 

measurement with an electrode arrangement consistin g having a plurality of a pl urality of electrodes 
which are located next to one another and/or in succession on a suppoiVan . An actual measurement 
means for measurin ^ measures the capacitance between a first electrode as the measurement 
electrode and a second electrode as the counterelectroder-an4- a. A controllable switching means for 
connection o f connects the electrodes as the first and second electrodes to the measurement means, 
which connection can be switched in a definable manner^in-that . In bein g controlled by the 
switching means, each electrode of the electrode arrangement can be switched in alternation as the 
measurement electrode-and-a t. At least one of the other electrodes can thereby be switched as the 
count erelectrode to a definable reference potential. 
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By pr e ference Preferably, the electrodes are located on a surface area, especially on a planar 

surface. In one special embodiment the electrodes are located next to one another with their 
longitudinal sides in a rectangle shape. The distance of the electrodes is preferably as small as 
possible, especially less than half, and preferably less than 1/5 of the distance from one electrode to 
the next. For many applications, it is advantageous to arrange the electrodes on a flexible support, 
for example^ on a film of polymer plastic such as,, for example, polyimide. The use of materials 
with a low temperature coefficient of their dielectric constant, such as. for example, polypropylene, 
is especially advantageous for the flexible support and/or for a tube which optionally encloses the 
support. 

The electrode support is preferably fixed or pressed with the electrodes into stable contact 
with the inner side of the tube. For example, the electrode support can be clamped onto an internal 
tube which is elastically deformable and which is inserted into the tube. The internal tube can be 
filled, especially foamed, for mechanical stabilization. 

The tube, on its side facing the liquid, can be provided at least partially, preferably over its 
entire surface area, with a coating which, a s . As a result of the material chosen for the coating, 
cause s for example, a high beading effect of the liquid is caus ed , and therefore, reduces wetting with 
the liquid, and/or prevents diffusion of the liquid into the tube. These coatings may contain^ for 
example^ a polymer plastic^ and can be applied to the tube by painting or by an immersion bath. 

Preferably^ the electrodes are not only electrically insulated against one another, but are alse 
covered with an electrically insulating layer on the side facing away from the support. It is 
advantageous if the electrodes together with the connecting printed conductors are applied to the 
support in thin or thick film technology. Application can take place in a structured manner, for 
example, by screen printing or stamping. Alternatively or in addition, application can also take 
place over the entire surface area-md4hen . Then, the surface layer can be structured, for example,, 
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using photolithographic structuring processes, such as are known, for example, from semiconductor 
technology or hybrid microcircuit technology. 

In one special embodiment the device has a connecting means for electrical connection of 
other sensors and/or for connection to the switching means. The connection of other sensors and/or 
of the switching means takes place preferably detachably and/on if necessary,, sealed relative to the 
surrounding liquids. 

Sensors may be provided which do not require direct contact with the liquids, for example, a 
temperature senson-in -. In this case, the sensor can be located within the tube, for example, on the 
electrode support, and can make direct electrical contact with the printed conductors present there. 

Alternatively or in addition, sensors may be provided which are to be brought into direct 
contact with the liquid, for example, a viscosity sensorr-in . In this case, the sensor must be located 
outside of the tube , and electrica l El ectrical connection takes place by way of an electrical 
penetration in the tube that is impervious to fluids, especially on its bottom. Preferably, there is a 
detachable plug connection. 

Other sensors can be, for example, sensors for humidity, pressure or the like , or also an . An 
additional capacitive sensor with which a medium whieh-surrounds the device is examined with 
respect to its dielectric constant. By preference Preferably , the connecting printed conductors for the 
additional sensors are also mounted on the support of the device. 

Furthermore, there can also be at least parts of the controllable switching means or atee-the 
measurement means on the support of the device. As a rule, it is also possible to use as the support 
for the electrode arrangement the same substrate as is used for the switching means and/or the 
measurement means. The degree of integration of components ultimately depends on the respective 
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application, as well as the requirements for the size of the device for which there can be lower 
and/or upper limits dictated by the function of the device. 

In one special embodiment of the present invention, the definable reference potential is the 
ground potential of the measurement means. In this way, the capacitance values of the switched 
electrodes can be measured especially easily in terms of circuitry and at the same time with a high 
degree of precision. 

Preferably, the so-called "charge-transfer" process is used for the measurement means. 
Conventional values of the capacitance to be measured, for example, when using the device as 
claimed in of the present invention as a level sensor, are in the range of fractions of a pF to a few 
hundred pFT-bu K Such values can also be greater or smaller depending on the medium, especially 
its dielectric constant, and/or the electrode surface areas and electrode distances. 

Preferably, all electrodes which are not switched as measurement electrodes are switched to 
the reference potential, to the ground potential in particular. In the case of a level sensor, it is 
moreover advantageous to switch the liquid and/or at least one part of the wall of the container to 
this or another definable reference potential. 

All electrodes preferably have an essentially identical contour and surface area. Preferably, 
all electrodes are arranged essentially equidistantly relative to one another and/or to the connecting 
lines. This arrangement yields not only simplified production of the device, but the measured 
capacitance values and capacitance changes are also fundamentally of the same order of magnitude. 
When switching through in alternation, it is moreover advantageous that the reliability of the device 
is increased due to the fact that the electrodes are identical. Moreover, the elongated reference 
potential electrode with a large surface area whkh-is not necessary as claim e d in the present 
invention. Such lack ing require m ent clearly reduces the surface area required by the electrode 
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arrangement, or the electrodes can be larger with the same required surface area, whereby the 
measurement sensitivity and/or the measurement accuracy is increased. 

To increase the measurement accuracy at a given overall size of the device, it is also 
possible for several electrodes, which are preferably not directly adjacent^ to be interconnected hard- 
wired into one respective electrode group. Each electrode group is alternately switched as a 
measurement electroder-and-at. At least one of the other respective electrode groups is switched as 
the counterelectrode to the definable reference potential by the switching device. This arrangement 
corresponds to dividing the individual electrodes into different component segments. The hard- 
wired interconnection of the electrodes into the respective electrode group takes place preferably at 
the location of the connecting lines, especially at the height of the pertinent electrode, so that the 
demand for space is not increased either with respect to the connecting lines. 

The present invention also relates to a process for capacitance measurement using the above 
described device. Preferably, the switching means is controlled by a microprocessor according to a ' 
control program which is stored in the microprocessor itself or in a memory component. 

Moreover, the present invention relates to a means for detennining the level of a liquid in a 
container, with the device described in the foregoing. above. In an evaluation means downstream of 
the actual measurement means, the measured capacitance is thereby compared to the stored 
reference values. These reference values can be fixed and invariable, or reference values can be 
stored depending on the application, especially depending on the respective liquid , and optionally 
also depending . Optionally, the re ference values depend on the signals of the other sensors, such as 
especially of the temperature. The stored reference values can furthermore be adapted according to 
a given algorithm to the current actual boundary conditions, such as. for example, the temperature 
or viscosity of the liquid. 
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Preferably, the electrodes are arranged in succession on the support with such a-means in the 
immersion direction. When the level is determined, the individual electrodes are initially classified 
into "immersed", "not immersed" and "partially immersed" in a first step using the stored reference 
values or fixed expected values. The result of this classification delivers discrete values, for 
example, "0" for "not immersed", "1" for "partially immersed" , and "2" for "immersed". 

An interpolation step then takes place for determining the level in the area of the partially 
immersed electrode. The accuracy attainable in this second, more or less analogous determination 
step depends on the height h of the individual electrodes in the immersion direction, and rfse-on the 
characteristic of the capacitance over level. 

Other objects, advantages? and salient features and details of the present invention 
aflse will become apparent from the dependent claims and the following detailed description, m 
which several embodiments are described in detail which, taken in conjunction with reference to 
the annexed drawings^-Eaeh , discloses preferred embodiments of the f e atures mentioned in the 
claims and in the specification may be e s sential for the present invention singly or in any 
combination . 

Brief Description of the Drawings 

Referring to the drawings which form a part of this disclosure: 

FIG. 1 shows in is a simplified representation schcmatic diagram of a means as claimed 
i ncapacitance measuring device according to a first embodiment of the present inventions 

FIG. 2 shows in an enlargem e nt th e is an enlarged schematic dia g ram of the arrangement of 
the electrodes r of F ig. 1; 
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FIG. 3 shows the charact e ristic s is a g raph showing the characteristics of the measured 
capacitance aga i n st grou nd over level of the dev i ce of Fi g. 1 ; 

FIG. 4 is an enlarged schematic diagram of the measured capacitance against ground over level, 

FIG. 4 show s in an enlargement the lower end of the support; of the device of Fig. 1 ; 

FIG. 5 shows one alternative embodiment of the electrode arrangement ^ is a schematic 
diagram of an electrode arrangement according to a second embodiment of the present invention; 
and 

FIG. 6 shows the characteristic is a graph showi ng characteristics of the measured 
capacitance against ground over level for the embodiment device of FIG. 5. 

Detailed Description of the Invention 

FIG. 1 shows in a simplified representation a means 1 as claimed in acc ording to an 
embodiment of the present invention for determining the level 2 of a liquid 3 in a container 4 with 
the device 5 as claimed i n . The device 5, according to an embodiment of the present invention-fer 
measuring 3 measures the capacitance with an electrode arrangement consisting of having a plurality 
of electrodes El to En which are arranged in succession on a support 6. The device 5 furthermore 
has its own measurement means 8 for measurement of the capacitance between the first electrode 
E2 as the measurement electrode and the second electrode El as the counterelectrode. 
FurthermoreAlso, the device 5 has a controllable switching means 7 for connection of the electrodes 
El to En as the first and second electrodes E2t- and El to the measurement means, which 
connection can be switched in a definable manner. 
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The means 1 for determining the level 2 of liquid 3 furthermore comprises an evaluation 
means 9 which is downstream of the measurement means 8 and which . Evaluati on m eans 9 
determines the level 2 from the capacitance measured by the device 5 by comparison to stored 
reference values. This level 2 can be output and relayed from the evaluation means 9 in optional, 
different ways, for example a using a digital display 10, voice output or a warning signal 1 1 by 
means of a speaker 12, or for further processing to a control unit 13. 

The controllable switching means 7, the measurement means 8 and the evaluation means 9 
are preferably integrated in a microcontroller or microprocessor, especially in a single 
semiconductor chip, including a memory for reference capacitance values and for the control 
program. 

FIG. 2 shows in an enlargement the arrangement of the electrodes El to Ent-fer. For 
reasons of clarity^ the support 6 is not shown. All electrodes El to En are arranged in a rectangular 
shape, and are parallel to their longitudinal sides in succession on the support 6. The lower edges of 
the electrodes El to En are marked with level heights hi to hn. The distance ef between any two 
adjacent electrodes El to En is a constant h. The connecting lines LI to Ln to the individual 
electrodes El to En are routed up to the measurement electronics, first in particular to the switching 
means 7. Other connecting lines 14 fuft extend parallel theretorethe r. Other sensors located on the 
support 6 can make contact with them, for example, a temperature sensor 15 on the bottom end in 
the vicinity of the lowermost electrode El. 

In one preferred embodiment, the electrodes El to En and the connecting lines LI to Ln are 
attached to a so-called flex conductor film, i.e., to a very flexible thin substrate. The flex conductor 
film is located in an electrically insulating tube which preferably consists is formed of a material 
with a dielectric constant with a low temperature coefficient, such as, for example, polypropylene. 
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The measurement means 8 determines the capacitance between the respective first electrode 
E2 which i s used as the measurement electrode, and at least one other electrode El which is 
positioned at the ground potential'of the measurement means 8. In one special embodiment, all the 
other electrodes^ which are not switched as a measurement electrode, are switched to ground 
potential by the switching means 7. 

Preferably, however the electrode which is adjacent to the first electrode E2, especially 
adjacent underneath, is switched as the second electrode El . Furthermore, the liquid 3 and/or, at 
any rate, one wall of the container 4 is also connected to the reference potential, especially 
connected to ground. 

The capacitance of the electrodes El to E5 which are completely or partially immersed and 
which are located below the level 2 for liquids with a dielectric constant of more than one is greater • 
at any rate than the capacitance of the electrodes E6 to En which are located above the level 2. The 
level 2 is determined from the measured capacitances. 

The determination of the level 2 takes place in two stages^fest . First the electrodes El to 
E4 are classified into "immersed", e lec trode s E6 to En ar e classified into "not immersed", and 
ES electrode E5 is classified into "partially immersed". Then, if necessary, interpolation can be done 
using the capacitance value which is measured for the electrode E5 so that the exact level can be 
determined in the area of the partially immersed electrode E5. 

FIG. 3 shows the characteristic of the measured capacitance against ground over level. The 
difference of the capacitance value between the "not immersed" st ate and the "immersed" state of 
the electrode El to E5 in this embodiment is approximately 2 pF at a base capacitance of 
approximately 150 pF. In addition to the geometrical electrode arrangement, this capacitance 
difference is of course dependent mainly on the dielectric constant of the liquid and accordingly in . 
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In polar liquids., such as water^ it is greater than in essentially nonpolar liquids such as oil. The 
characteristic of the change of capacitance in all electrodes due to the symmetrical arrangement is 
essentially identical^ and is marked by an almost linear average ascent, the start and end of which 
are rounded as a result of edge effects. 

FIG. 4 shows in an enlargement the lower end of the support 6 , which in . In this 
embodiment , support 6 is made as a flex conductor film which is placed in an electrically insulating 
tube 16. On the lower closed end> the tube 16 has an electrical plug connection 17 for electrical 
connection of other sensors, for example,, a viscosity sensor. 

To increase the measurement accuracy at a given total length of the level sensor, the height 
h of the electrodes must be reduced. The number of electrodes would thus be increased, by which 
the number of signal lines LI to Ln and also the interconnection cost would be increased. 

FIG. 5 shows one alternative embodiment of the electrode arrangement of the device as 
claimed in according to t he present invention. Here five Five individual electrodes El to E5 are 
divided into two component segments El ? , El",..._ to E5 f , E5". In this way 5 the capacitance is 
increased between the respective measurement electrode and the ground potential in several 
component stages, in this embodiment in two respective component stages. Interpolation in the 
second step of signal evaluation thus becomes more accurate. 

The illustrated embodiment shows a total of five electrodes which are divided into two 
segments of the same size. Any other division is conceivable, for example-atee, four electrodes can 
be divided into three respective component segments, six electrodes can be divided into four 
respective component segments, etc. The connecting lines of the respective component segments 
are connected to one another hard-wired directly on the support 6. 
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In this embodiment, the electrode El can still make contact with the two component 
segments El\ El" using a single connecting line 11. The component segments El 1 and El" of the 
first electrode are interconnected hard-wired to form a first electrode group. This hard-wiring of the 
electrode groups, of which there are a total of five in the this illustrated embodiment, takes place 
preferably both with respect to the number of electrodes combined in one group and also with 
respect to the relative position of the electrodes combined in one group relative to the overall 
electrode arrangement such that the . The assignment of the measured capacitance value, which is 
to be undertaken by the means 1 for determining the level 2, to a resulting level 2 is well-defined^ 
ambiguiti e s . Ambiguities, in particular^ are avoided. 

FIG. 6 shows the characteristic of the measured capacitance against ground over level for 
the embodiment of FIG. 5. Observation of the current increase of the capacitance of an individual 
electrode El to E5 generally does not yield unambiguous information about the number of 
immersed component segments El' to E5". It is therefore advantageous to first undertake 
classification into "immersed", "partially immersed", and "not immersed 1 for all electrodes El to En. 
This classification takes place preferably in that the capacitance values for "not immersed" are 
known or have been determined beforehand and stored. After classification of all electrodes has 
taken place, unambiguous assignment of the measured capacitance values to a level 2 is possible. 
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Claims 

Device (5) for measuring capacitance with an el e ctrode arrangement consisting of a plurality of 
electrodes (El, E2, En) which are located next to one another and/or in succession on a support 
(6), the actual mea s urement m e ans (8) for measuring the capacitance between a first electrode (E2) 
as the measurement electrode and a second electrod e (El) as the counterelectrode, and a 

While various embodiments have been chosen to illustrate the invention, it will be 

understood by those skilled in the art that various changes and modifications can be made therein 
without departing from the scope of the invention as defined in the appended claims. 

What is claimed is: * 
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DEVICE AND M ETHOD FOR MEASURING CAPACITANCE AND DEVICE FOR 
DETERM INING THE LEVEL OF A LIQUID USING ONE SUCH DEVICE 

Abstract of the Disclosure 

i~. A device (5) measures capacity, and includes an electrode arrangement with a 

plurality of electrodes (El ,E2, ,. En) which are adjacently and/or successively arranged 
on a carrier (6). An intrinsic measuring device (8) measures the capacitance between a 
first electrode (E2), in the form of a measuring electrode, and a second electrode (El\ in 
the form of a counter-electrode. A controllable switching means device (7) for connection 
ofconnects the electrodes (El, E2, — .... En|-as )„ in the form of first and second 
electrodes (E2, El ) to the measurement means ( ), to the measurin g devi ce (8Vwhieh 
connection ) in such a way that they can be switched in a d efina bl e pre-determmable 
mannerre haract c rizcd in that controlled by the switching m e ans (7) each^ _Each electrode 
(El, E2, — .... En) of the electrode arrangement can be switched in alternation as the 
mea s urement electrode and a controlled, alternate manner by the switching device (7), in 
the form of a measuring electrode, and respectively at least one of the other electrodes 
(El, E2, — _^En ) can thereby be s witched as the counterelectrode to a definable ), in the 
form of a counter-electrode, can be switched to a pre-determinable reference potential. 

Sr. Th e devic e (5) as claimed in claim 1, wherein th e d e finable referenc e potential is th e ground 

pote ntial of the mea s urem e nt means (8). 

2n The device (5) as claimed in claim 1 or 2, wherein all e l e ctr o d es ( E l , E 2, En) which are 

not switched as the measurement electrode are switched as the counterelectrode and are 
s witched to the reference potential. 
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4 The device (5) as claim e d in on e of claims 1 to 3, wherein all e l e ctrod e s (El , E2, — En) 

have an ess e ntially identical contour and surface area. 

5, The device (5) as claimed in one of claims 1 to 4 , wherein all electrodes (El, E2, — EN) are 

arranged essentially equi distantly. 

& The device (5) as claimed in one of claims 1 to 5, wherein s e veral electrodes which are 

preferably not directly adjacent (El', El"; E2\ E2"; En', En") are interconnected hard 
wir e d into on e r e sp e ctive e lectrode group, and wherein controll e d by the switching device 
(7) each electrode group can be switched in alternation as th e m e asurement electrod e and at 
least one of the other electrode groups can thereby be switched as the counterelectrode to a 
definable reference potential 

7t The device (5) as claimed in one of claims 1 to 6, wherein the electrodes (El, E2, En) 

together with the connecting printed conductors (1 4 ) are applied to the s upport (6) in thin or 
thick film technology. 

& The devic e (5) a s claimed in one of claims 1 to 7, wherein the d e vice (5) has, a conn e cting 

means (1 7) fo r co n n e ct ion of other sensors (1 5) and/or for connection to the switching 
means (7). 

9, The device (5) as claimed in one of claims I to 8, wherein the controllable switching means 

7, the measurement means 8 and preferably also a downstream evaluation m e ans 9 are 
integrated in a microcontroller or microprocessor. 



J-Q— — P r o cess for capaci tance m e asurem e nt with an ele et r ode arrangem e nt consi s ting of a pluralit y 
of electrodes (E l , E2, .... En) which are located next to one anoth e r and/or in suc c ession on a 
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s upport (6), th e actual measur e ment m e ans (8) for m e asuring the capacitance b e twe e n a first 
eleei rod e (E 2) as the measurement e lectrod e and a s e eo nd electrod e (El) a s the 
counterelectrode, and a controllable switching means (7) by means of which the el ectrodes 
(El, E2, En) ar e conne ct ed as th e first and second electrodes (E2, El) to the 
measurement means (8) in a manner which can be switched in a definable way, 
charact e rized in that controlled by the switching means (7) each electrode (EL E2, En) 
of the electrod e arrangement is switched in alternation as the measurement electrod e and at 
least one of the other electrodes (El , E2, En) is thereby switched as the counterelectrode 
to a definabl e r e f e rence pot e ntial. 

44-. The process as claimed in claim 10, wherein the switching means is controlled by a 

microprocessor according to a stored control program. 

4-2= Means (1) for determining the lev el (2) of a liquid (3) in a container ( 4 ) with a device (5) as 

claimed in one of claims 1 to 9 and an evaluation means (9) wh ich i s downstream of t he 
actual measurement means (8) and winch determines the lev e l (2) from th e capacitance 
m e asured by the devic e (5) by comparison to stored r e fer e nc e values, 

4r£ The m e ans (1) as claimed in claim 12, wh e rein the liquid (3) and/or at least parts of a wall of 

the container ( 4 ) are also s witched to the reference potential 

4-4 The means (1) as claimed in claim 12 or 13, wherein in the device (5) for measuring 

capacitance several electrodes (E\\ ET; E5\ E5") which are preferably not directly 
adjacent are interconnected hard wired into one respective electrode group and wherein 
eefrt rolled by th e switching device (7) each elect r o de gr o u p can be switched in altern a&eft-as 
t he m e asurem e nt e l e ctrode and at least one of the oth e r electrode groups can thereby be 
switched as th e count e relectrode to a d e finabl e r e fer e nc e pot e ntial 
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4~fc Th e m o ans (1) as claim e d in one of claims 4 2 to 1 4 , wh croin i nt e rco n n e ct ion of th e electrode 

groups takes place both with respect to the number of electrodes combined in one group and 
also with respect to th e relative position of the electrodes combined in one group relative to 
the entire electrode arrangement such that the assignment of the measured capacitance 
value, which is to be undertaken by the means (1) for determining the level (2), to a resulting 
level (2) is unambiguous. 

4& The means (1) as claim e d in one of claims 12 to 15, wh e r e in the electrodes are located on 

the inner s ide of a tub e (16) which can be immersed into th e liquid. 

¥h The means (1) as claimed in claim 16, wherein the tube (16) on its side facing the liquid has 

a coating at least partially, preferably over the entire surface area. 



WO 2004/057281 



PCT7EP2003/011449 



x - axis l e v e l 

y axis electrod e capacitance against ground in pF 



x axi s lev e l 

y - axis capacitance increa s e in pF 



2 



Claims 

4t Device (5) for measuring capacitance with an electrode arrangement con s isting of a plurality 

of electrode s (El, E2, En) which are located n e xt to one anoth e r and/or in succ e ssion on a 
support (6), th e actual measurement m e ans (8) for measuring the capacitanc e b e tween a first 
electrode (E2) as the measurement electrode and a second electrode (El) as the 
counterelectrode, and a controllable switching means ( 7) for connection of the electrodes 
(EL E2, En) as the first and second electrode s (E2, El ) to the measurement means (8), 
which connection can be switched in a definable manner, and controlled by the switching 
means (7) each electrode (EL E2, En) of the electrode arrangement can be switched in 
alternation as the measurement electrode and at least one of the other electrodes (El , E2, 
En) can th e r e by b e switched as th e count e r e lectrode to a definable ref e renc e pot e ntial, 
charact e rized in that all electrode s (El, E2, ...,En) which are not switch e d as th e 
measurement electrode are switched as the counterelectrode, and that all electrodes (El, E2, 
— En) which are switched as the counterelectrode are switched to the reference potential. 

i, The device (5) as claimed in claim 1 , wherein the definable reference potential is the ground 

potenti al of the measurement means (8). 

3r The device (5) as claimed in on e o f clai ms 1 to 2, wherein all electrodes (El, E2, ...,En) have 

a n e s s e n t ially id en tical con t our and s urf ac e ar ea . 
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4-. The device (5) as claimed in on e of claims 1 to 3, wherein all el e ctrodes (El, E2, —, EN) are 

arranged essentially equidistantly. 

The device (5) as claimed in one of claim s 1 to 4 , wherein several electrodes which are 

preferably not directly adjacent (El', El"; E2' ? E2"; En 1 , En") are interconnected hard 
wired into one respective electrode group, and wherein controlled by the switching device 
(7) e ach electrode group can b e switched in alternation as th e m e asurement e lectrod e and 
the oth e r e lectrode groups can ther e by b e switched as the count e rel e ctrode to th e r e ference 
potential. 

& The device (5) as claimed in one of claims 1 to 5, wherein the electrodes (El, E2, En) 

together with the connecting printed conductors (1 4 ) are applied to the support (6) in thin or 
thick film technology. 

The devic e (5) as claimed in one of claims 1 to 6, wh e rein the device (5) has a connecting 

means (17) for connection of oth e r s e nsors (15) and/or for conn e ction to the switching 
means (7). 

& The device (5) as c laimed in one of claims 1 to 7, wherein the controllable s witching means 

7, the measurem ent m eans 8 and preferably also a downstream evaluation means 9 are 
integrated in a microcontroller or microprocessor. 

ft Process for capacita nee- mcasur e ment with an electrode arrangem e nt consisting of a plurality 

of el e ctr o des (E l , E2, — En) which ar e located next to one another and/or in s uc c ession on a 
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support (6), the actual measurement means (8) for measuring the capacitance between a fir st 
electrode (E2) as the measurement electrode and a second electrod e (El) as the 
counterelectrode, and a control la ble switchi ng means (7) by means of which the electrodes 
(EL E2 ? En) are connected as the first and s econd electrodes (E2, El) to the 
measurement means (8) in a manner which can be switched in a definable way, controlled 
by the switching mean s (7) each electrode (El, E2 ? En) of the electrode arrangement 
being switched in alt e rnation as the m e asur e m e nt el e ctrod e and at least on e of the oth e r 
e lectrodes (El, E2, En) th e reby b e ing s witched as th e counterel e ctrod e to a definable 
reference potential, wh e r e in all electrodes (El , E2, En) which are not switched as the 
measure m ent electrode are switched a s t he counterelectrode, and wherein all electrodes (EL 
E2, En) which are switched as the counterelectrode are switched to the reference 
potential. 

4-& The process as claimed in claim 9, wherein the switching means is controlled by a 

microprocessor according to a stored control program. 

4-L Means (1) for determining the level (2) of a liquid (3) in a container ( 4 ) with a device (5) as 

claimed in one of claim s 1 to 8 and an evaluation means (9) which is downstream of the 
actual measurement means (8) and which de t erm ines the level (2) from the capacitance 
measured by the device (5) by comparison t o st o red reference values, 

The means (1) as claimed in claim 1 1, wherein the liquid (3) and/or at least parts of a wall of 

the-een t ai n er (4 ) are a ls o switched to th e reference potentia l 
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4^ The means (1) as claimed in claim 1 1 or 1 2, wherein in the device (5) for measuring 

capacitance several electrodes (El f , E l "; E5', E5") which are preferably not directly 
adjacent are interconnected hard wired into one respective electrode group and wherein 
controlled by the switching device (7) each electrode group can be switched in alternation as 
the measurement electrode and the other electrode groups can thereby be switched as the 
counterelectrode to the reference potential. 

44. The means (1) a s claimed in one of claims 1 1 to 13, wherein interconnection of the e lectrode 

groups takes place both with respect to the number of electrod e s combined in one group and 
also with respect to the relative po s ition of the electrodes combined in one group relative to 
the enti re electrode arrangement such that the as s ignment of the measured capacitance 
value, which is to be undertaken by the means (1) for determining the level (2), to a resulting 
level (2) is unambiguou s . 

44t The means (1) as claimed in on e of claims 1. 1 to 1 4 , wher e in th e e lectrod e s ar e locat e d on 

th e inner side of a tube (16) which can be immersed into the liquid. 

The mean s (1) a s claimed in claim 15, wherein the tube (16) on its side facing the liquid has 

a co ating at lea s t partially, preferably over the entire surface area. 
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An associate method and a device (1) determine the level (2) of a liquid (3) using one such 
device (5). 
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